Abstract:
23

Introduction
24
Currently, most of the plastics used are petroleum-derived (Saiah et al., 2009 ) and 25 about a third of the world's plastic production goes into packaging applications (Wiles, 2005) .
26
The use of these non-biodegradable materials represents a huge worldwide environmental 
32
Of the renewable sources with film-forming ability, polysaccharides are the most 33 abundant (Carvalho, 2008) . Starch is often used due to its low cost and easy availability (Cuq et 
57
No previous studies have been found into the use of buttermilk to form films, despite 58 their bioactive properties and high protein content (whey protein) with film-forming ability. The 3 other compounds, lactose and minerals, would act as plasticizers which can reduce the 60 requirements of other agents to this end. Likewise, the blend of buttermilk with other film-
61
forming compounds, such as starch, might improve the functional properties of the film and its 62 bioactivity.
63
The objective of this work was to analyse the effect of buttermilk incorporation on the
64
properties of the film-forming dispersions and the physical (mechanical, barrier, optical) and 
105
The particle size analysis of the FFDs was carried out by using a laser scattering 
157
The surface morphology of studied films, previously dried with P2O5, was observed by 158 using Atomic Force Microscopy (AFM), with an 8 multimode microscope, Bruker AXS, (Santa
159
Barbara, California), under V NanoScope® electronic control. Three 1x1 cm square samples 160 per formulation were cut and the surface scanning was carried out by using the tapping mode,
161
on a 50x50 m area and with a maximum vertical limit of 6 m. According to the ASME B46.1 
170
The percentage image surface area difference (%ISAD) was also calculated. This 
The internal transmittance (Ti) of the films was determined by applying the Kubelka-
213
Munk theory (Hutchings, 1999) for multiple scattering to the reflection spectra, following the 
216
The gloss was measured on the film side in contact with air during drying, at a 60º 
223
The antioxidant capacity of BM and of the films was determined through a 224 spectrophotometric method, as described by Re et al. (1999 culture, a loopful was transferred into 10 mL of TSB, the tube was incubated at 37ºC overnight 248 and 10L were again transferred into 10 mL of TSB. The tube was kept at 37ºC for 48h to reach 249 the exponential phase of growth. Finally, the culture was adequately diluted for the inoculation
250
of the agar plates in order to obtain 10 2 UFC/cm 2 target inocula.
251
Tryptone Soy Agar -TSB with Agar bacteriological with 3% NaCl-was used as a model 
299
The values of -potential are shown in 
329
As the BM ratio increased in the mix, a progressive decrease in apparent viscosity (ap)
330
was observed, both with heated and non-heated BM. This can be explained by to the lower 331 average molecular weights of the components (the highest molecular weight compound of BM 332 is whey protein, whose molecular size is lower than that of starch chains) and the subsequent 333 decrease in the hydrodynamic volume of polymeric chains. For macromolecules, the higher the 334 molecular weight, the higher the hydrodynamic volume and the higher thickening power. 
402
concentration at pH 7 is less than 1g l -1 in 1mM CaCl2 (0.111g l -1 ). In the films studied, the 403 protein concentration for CS0.4:BM0.6 Q sample was 5.4 gl -1 at the beginning of the film drying,
404
while BM provided the medium with a substantial amount of salts (1.3 g l -1 ) including CaCl2.
405
Consequently, it can be concluded that a protein gel was formed during film drying when
406
heating was applied to BM formulations, which contributes to the cohesion of the film structure,
407
having a positive impact on the stiffness and resistance of the films.
408
The stretchability of the films depended on the BM ratio and the heat treatment. For (Table 2 ). This behaviour is explained
413
by both the high proportion of lactose in the film coming from BM (which acts as a plasticizer), 15 and the high equilibrium moisture content of these films ( 
437
can be attributed to its remarkable structural heterogeneity and to its higher moisture content,
438
which plasticizes the matrix, promoting molecular mobility and mass transfer through the film. 
465
The gloss values of the films are shown in 
487
The antioxidant potential of proteins derived from dairy products has been repeatedly 
